FLAVOR SIGNATURES
PERSYMME IRY

SNOWMASS ENERGY FRONTIER WORKSHOP



Elegant extension of
spacetime symmetries

Grand unification works
better than SM

Well motivated R-parity
automatically gives dark
matter candidate

Solves hierarchy problem?
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SUSY must be broken, many new flavor violating parameters
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Generic TeV scale values of mass matrix are badly ruled out

by low energy flavor tests N
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Soft SUSY parameters fixed up to flavor universal
dimensionful coefficients
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Flavor universality up to corrections that are largest
for 3rd generation

Flavor bounds are easily satisfied



Soft SUSY parameters parametrically the same size
as Yukawa’s, matrices not aligned

a;; ~ Asoft Yij axy

Low energy constraints can still be easily satisfied,
phenomenology often quite be different

Other frameworks with similar philosophy:



| will discuss some possible experimental signatures of non-trivial
flavor structure

The parameter space of (flavor violating) MSSM is vast, even when
taking into account low energy constraints

No way to give complete discussion in 20 minutes. I'll give
Interesting examples that can be easily generalized
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Take sleptons as example:

Flavor MFV: Flavorful SUSY:
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Measuring spectrum of sparticles can elucidate
flavor structure of SUSY breaking
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Mass basis Is not Example: Rare decay of
flavor basis stop like resonance.
Discovery:
t — tXO

Precision study:
t — eV

More opportunities if “stop” nearly degenerate with top
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It gravitino is LSP, and slepton NLSP, all SUSY production
(squark, gluino) cascade down to sleptons.

Easier to flavor tag 3 body slepton decays give more
than with squarks: flavor handles
b — 0;G Ui — Lilyl,

Even more opportunities if NLSP slepton is relatively long lived



Inclusive searches

3rd gen.

3rd gen. squarks
direct production

EW
direct

Long-lived

RPV

gluino
mediated

particles

MSUGRA/CMSSM : 0 lep +j's + E s

MSUGRA/CMSSM : 1 lep +j's + E s
Pheno model : 0 lep +j's + E 7 s
Pheno model : 0 lep +j's + E 7 s

Gluino med. %" (G—qy’) : 1lep +j's + E
GMSB (INLSP) : 2 lep (OS) +j's + E
GMSB (t NLSP) : 1-2t +)'s+ E
GGM (bino NLSP) : W+E”m
GGM (wino NLSP) :y +lep + E.™°

GGM (higgsino-bino NLSP) :y +b + E
GGM (higgsino NLSP) : Z + jets + ETm:zz
Gravitino LSP : 'monojet’ + E ;s
_G—>bby :0lep +3b-j's + E
g—>ttx 2 Sé-lep + (0-3b-)j's + E
g—>tt” : 0 lep + multi-j's + E
gettx Olep+3b-j's+E
bb, b —>b>”(° Olep + 2-b-jets + E
bb, bet’)‘( 2 8S-lep + (0-3b-)j's + E
E (I|ght) t—>k3’;2§ 1/2 lep (+ b-jet) + E
tt (medium), t—>bx 1lep + b-jet+ E
Tt (medlum),t—>b)(1 2lep+E
it (heavy), t%txo 1lep + b-jet+ E
Tt (heavy), tetx :0 Iep + 6(2b-)jets + E
it (natural GMSB) : Z(—Il) + b-jet + E.
L G142 Z(= 1) + 1 lep + et + E
LL,I—>F>‘( ‘2lep+E
X T elv(lv} 2lep+E

=34~ .
Yo% %w(w) 21T+

X X eNIVNII %\f) |V| I( vv) 3lep +E
rz — W ~0z 7% 3 lep + ETm,ss
Direct . pair prod. ( AMSB - long-lived % X,
Stable g, R-hadrons : low B, [:’w
GMSB, stable T : low f
GMSB, x °—y G : non-pointing photons
X — qqu (RPV) u + heavy displaced vertex
LFV : pp—>v +X,V_ —e+u resonance
LFV : pp—=v +X,V —>e(u)+r resonance
B|I|near RPV CMSSM Tlep+7j's+Eq s
X1X1+X QW%,X —eev ,euv c4lep+ E
)~( Ky oo Ky T g ,etv. 13 Iep +1t + ETmlss
9—qqq: 3-Jet resonance pair

J—it, T—=bs : 2 SS-lep + (0-3b-)j's + E
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T,miss
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T,miss
T,miss
T,miss
T,miss
T,miss
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T,miss

T,miss

F,miss
T,miss
T,miss

T,miss

miss

T,miss

Scalar gluon : 2-Jet resonance p'gf?
WIMP interaction (D5, Dirac X) 'monojet' + E s
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L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109

L=5.8 fb™', 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb, 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109]
L=4.7 fb™, 7 TeV [1208.4688]

L=4.7 fb”', 7 TeV [1208.4688]

L=20.7 fb", 8 TeV [1210.1314]

L=4.8 fb™, 7 TeV [1209.0753]

L=4.8 b, 7 TeV [ATLAS-CONF-2012-144]
L=4.8 fb”, 7 TeV [1211.1167]

L=5.8 b, 8 TeV [ATLAS-CONF-2012-152]
L=10.5 fb', 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb, 8 TeV [ATLAS-CONF-2012-145]
L=20.7 fb™, 8 TeV [ATLAS-CONF-2013-007]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-103]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-165]
L=20.7 fb', 8 TeV [ATLAS-CONF-2013-007]
L=4.7 fb™, 7 TeV [1208.4305, 1209.2102]
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-037]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-167]
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-037]
L=20.5 fb™', 8 TeV [ATLAS-CONF-2013-024]
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-025]
L=20.7 fb™, 8 TeV [ATLAS-CONF-2013-025]
L=4.7 fb™", 7 TeV [1208.2884]

L=4.7 fb™, 7 TeV [1208.2884]

L=20.7 fb", 8 TeV [ATLAS-CONF-2013-028]
L=20.7 fb, 8 TeV [ATLAS-CONF-2013-035]
L=20.7 fb, 8 TeV [ATLAS-CONF-2013-035]
L=4.7 fb, 7 TeV [1210.2852]

L=4.7 fb", 7 TeV [1211.1597]

L=4.7 b, 7 TeV [1211.1597]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2013-016]
L=4.4 fb™, 7 TeV [1210.7451]

L=4.6 fb", 7 TeV [1212.1272]

L=4.6 fb, 7 TeV [1212.1272]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-140]
L=20.7 b, 8 TeV [ATLAS-CONF-2013-036]
L=20.7 fb, 8 TeV [ATLAS-CONF-2013-036]
L=4.6 fb™”, 7 TeV [1210.4813]

L=20.7 b, 8 TeV [ATLAS-CONF-2013-007]
L=4.6 fb™", 7 TeV [1210.4826]

L=10.5 fb™, 8 TeV [ATLAS-CONF-2012-14
] I |

/ G =g mass
245yl § =g mass
8T O mass  (m@) <2TeV, light})
W G mass  (m@)<2TeV, light7,
900GeV! G mass  (m(x,) <200 GeV, m@z")
1.24 TeV g mass (tang <15)
1.40 TeV g mass (tanp > 18)
107TeV! G mass  (m@)> 50 GeV)
619Gev! § mass
900GeV| § mass (m@:) > 220 GeV)
690 GeV 9 mass  (m(H) > 200 GeV)
gaslcevl F “ scale (m@) > 10" ev)
H2aeull g mass m()Z ) < 200 GeV)
900GeV. § mMass  (any mx,)
#60eW § mass  (m(x,) <300 GeV)
_1.15Tev gmass  (m()<200GeV)
B20Gel b mass  (m(x)) <120 GeV)
- 430Gev. b mass (mi)=2 m(:;fj))
67Gevl t mass  (m@x) =55 GeV)
160-410Gev | t mass  (mx 7) =0 GeV, m(x’) = 150 GeV)
160M40GeVN t mass m(>Z1 =0 GeV, m(f) m(z;) =10 GeV)
200610GeV. t mass (m() =
320-660GeV. tmass  (m()
500 GeV tNmass (m (" )>150 GeV)
- 520 GeV t mass  (m T m& +180 GeV)
85-195GeV. . | mass m('
110-340 GeV x1 mass (m /f’) <10 GeV, m(iv) %m( +m A ")
180-330 GeV X mass (m (7 ) <10 GeV, m[EV) :2 m( )))
600 GeV X mass m(,Z Cz ,m(fg1 O,m(I,Tr) as above)
315 GeV X mass m()'( m(f( m(i =0, sleptons decoupled)
220 GeV X mass (1 <-t(>7 ) <10 ns)
985GeV. g mass
300 GeV Tmass (5< tan[i <20)
230 GeV %4 mass O4<T(§< <2ns)
700 GeV q mass (1 mm<crt<1m,g decoupled)
161TeV| V. mass (2,,=0.10, 4,
110Tev| v, mass (73,=0-10, 2, ., =0.05)
12TeV g=gmass (crt LSF,<1 mm)
760 GeV x mass (m(x)) > 300 GeV, 2, >0)
350 GeV x mass m({( ) >80 GeV,) . >0)
666.Gev.| § mass
880Gev. J Mass (any m{M)
100:287.Gev.] sgluon mass  (incl. limit from 1110.2693)

704GeVN M* gcale
|

(m, <80 GeV, limit of < 687 GeV for D8)
1 |

= H(mG1+m(@)

ATLAS

) Preliminary
Ldt = (4.4 - 20.7) fb
Is=7,8TeV

8 TeV, all 2012 data

8 TeV, partial 2012 data
7 TeV, all 2011 data

=0.05)
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*Only a selection of the available mass limits on new states or phenomena shown.
All limits auoted are observed minus 1o theoretical sianal cross section uncertaintv.

10
Mass scale [TeV]
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~lavor bounds get weaker with Allowed rates for flavor violating

neavier scalars, for example: processes scale quadratically

[ s _ ) mg with scalar mass:
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Scalars are very heavy, O(1000 TeV), gauginos can be O(1 TeV)

Gluino decays encode flavor
information of (heavy) squarks

Two neutralino and one chargino
accessible

Many flavor observables if you
can flavor tag quarks
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Additional allowed operators usually forbidden by R-parity

1 y .
Wgrpyv = 5)\ijLiLj6k; -+ )\/”kLiQ]’dk -+ MlzLiHu } AL =1

1
+ 5)\//Z3kuidjdk }AB — 1

Rich flavor structure

Only some operators can be turned on to not decay the
proton

Lose usual (WIMP) dark matter candidate
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Additional allowed operators usually forbidden by R-parity

WRPV — 5)\Z]kLiLJ’6k -+ )\/kaindk -+ MlzLiHu } AL =1

1 .
+ 5)\//23kuidjdk }AB — 1

BIG RPV SMALL RPV
Third generation Operators can pointin
couplings will dominate arbitrary direction in

flavor space

See talks by Evans, Katz, and Kaadze tomorrow.
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Supersymmetry models with non-trivial flavor structure can
satisfy all low energy constraints

These models have very rich phenomenology

If there are superpartners accessible at a collider, there will
be many possible flavor measurements to be made

These measurements could reveal explanations to both the
SUSY flavor problem and the SM flavor puzzle






